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Available online 4 June 2007A call has been made for conservation planners to include ecosystem services into their
assessments of conservation priority areas. The need to develop an integrated approach to
meeting different conservation objectives and a shift in focus towards human wellbeing are
some of the motivations behind this call. There is currently no widely accepted approach to
planning for ecosystem services. This study contributes towards the development of this
approach through a review of conservation assessments and the extent to which they include
ecosystem services. Of the 476 conservation assessments identified by a set of search terms on
theWebof Science, 100were randomly selected for this review.Of theseonly sevenhad included
ecosystem services, while another 13 had referred to ecosystem services as a rationale for
conservation without including them in the assessment. The majority of assessments were
based on biodiversity pattern data while 19 used data on ecological processes. A total of 11 of
these19assessmentsusedprocesses,which couldbe linked to services. Ecosystemserviceshave
witnessed an increase in attention received in conservation assessments since the year 2000,
however trendswere not apparent beyond this date. In order to assesswhich types of ecosystem
services and how they have been accounted for in conservation assessments, we extended our
review to include an additional nine conservation assessments which included ecosystem
services. Themajority included cultural ecosystemservices, followedby regulatory, provisioning
and supporting services respectively. We conclude with an analysis of the constraints and
opportunities for the integration of ecosystem services into conservation assessments and
highlight the urgent need for an appropriate framework for planning for ecosystem services.
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Conservation planning is a rapidly evolving field whose goal
is to minimise the loss of biodiversity through the selection of
areas for conservation action (Pressey and Cowling, 2001). It is
increasingly being used to locate or expand protected areas, to
direct funding, and to influence land use decision-making
(Margules and Pressey, 2000). We distinguish between con-
servation assessment and conservation planning as distinct
activities, as the two are often conflated. Conservation
assessment involves identifying spatial priorities for conser-
vation action (i.e. area selection). When complemented with
the development of an implementation strategy, in the
context of stakeholder collaboration (i.e., the involvement of
agencies who will take implementation of the plan forward),
these activities constitute conservation planning (Knight
et al., 2006a). Techniques for conservation assessment are
evolving rapidly and new data sets are continually being in-
troduced (Ferrier, 2002; Margules et al., 2002; Williams et al.,
2002). Data commonly used in conservation assessments are
species distribution records and broad-scale attributes
obtained from data on species communities and/or abiotic
data (e.g. land types; Lombard et al., 2003; Brooks et al., 2004).
Recent conservation plans have also begun to include areas,
which maintain ecological and evolutionary processes im-
portant for biodiversity persistence (e.g. interspecific interac-
tions, regular and nomadic faunal movements, disturbance
regimes; Balmford et al., 1998; Cowling et al., 1999; Rouget
et al., 2003).
In addition to these data types, some authors have called
for the inclusion of ecosystem services in conservation plans
(Balvanera et al., 2001; Singh, 2002; Chan et al., 2006).
Ecosystem services are the benefits that humans derive from
ecosystems (e.g. fuel wood, water purification, recreation),
which ultimately underpin human well-being (Millennium
Ecosystem Assessment, 2003). The inclusion of ecosystem
services into conservation assessments would allow for the
development of an integrated approach to evaluating the
merits and congruence of different conservation objectives
(Balvanera et al., 2001; Singh, 2002). Furthermore, it would
place a specific focus on safeguarding human well-being
(Balvanera et al., 2001; Kremen and Ostfeld, 2005) whichmight
contribute to improving the societal relevance of conservation
assessments, which should better support their translation
into effective conservation action (Knight et al., 2006a).
Currently, a widely endorsed methodology for planning for
ecosystem services does not exist (Balvanera et al., 2001;
Kremen, 2005). In order to contribute towards the develop-
ment of such a methodology, this study conducts a survey of
the peer-reviewed literature on conservation assessments. It
assesses the ways and extent to which ecosystem services
have been integrated into conservation assessments by
evaluating three questions: 1) to what extent have ecosystem
services been included as features in conservation assess-
ments?; 2) what types of ecosystem services have been
included?; and 3) how have these services been accounted
for in conservation assessments? We conclude by discussing
opportunities and constraints for incorporating ecosystem
services into conservation assessments.2. Methods
2.1. Scope of the study
Although the term ecosystem services has been defined
numerous times (e.g. Daily, 1997; Costanza et al., 1997; Ekins,
2003; Millennium Ecosystem Assessment, 2003), these defini-
tions are often competing and do not standardise the
meaning, constraints andmeasurement of ecosystem services
(Boyd and Banzhaf, 2006). In addressing the review's aims we
found it useful to define what wemean by ecosystem services,
as well as the scope of our study. The terms ecosystem
functions, ecological services, ecological functions, environ-
mental services and environmental functions are sometimes
used interchangeably with the term ecosystem services (e.g.
de Groot, 1992; Costanza et al., 1997; Daily, 1997). We define
ecosystem services as ecosystem functions that provide
benefits to humans i.e. a human beneficiary (current or future)
must be explicit. There is a lack of agreement on the source of
ecosystem services with some authors stating that natural
systems provide these services (Daily, 1997), while others say
that they can be provided by human-modified and natural
systems (Costanza et al., 1997; Millennium Ecosystem Assess-
ment, 2003). This review, with its focus on conservation, is
limited to services provided largely by natural systems. We
excluded marine ecosystems from this study because there
have been comparatively few conservation assessments
undertaken for the marine environment.
2.2. The review
Our review made use of the Web of Science (http://www.
newisiwebofknowledge.com) to search for English language,
peer-reviewed publications published from 1998–2005. We
chose 1998 as the start date for the study as the influential
book “Nature's Services” (Daily, 1997) was published immedi-
ately prior to this year. We used the phrases “conservation
assessments”, “conservation planning”, “conservation plan”,
“conservation evaluation”, “conservation value”, “reserve
selection”, “area selection”, “area identification”, “priority
area”, “bioregional conservation”, “bioregional planning”,
“ecoregional assessment”, “ecoregional conservation”, “inte-
grated conservation” and “natural areas identification” com-
monly associated with conservation assessments to conduct
our search. We identified a total of 476 studies and randomly
selected 100 of them for further analysis. We excluded a total
of 12 studies from the sample because either they were
conceptual papers or could not be located. We analysed the
remaining 88 studies based on the first question to determine
the extent to which they included ecosystem services.
Due to the small number of studies (seven) found to include
ecosystem services, we could not address the remaining
questions, dealing with the type of services and how they
are accounted for in conservation assessments, from our
original random sample of 88 papers. We therefore performed
a further search on the remaining original 376 studies for
papers that included services using the terms “ecosystem
services”, “ecosystem function’, “environmental services”,
“environmental function”, “ecological value”, “ecological
Fig. 1 –Types of data used in conservation assessments from
88 conservation assessments published between 1998 and
2005. Categories are not mutually exclusive as most
conservation assessments use more than one type of feature
data.
Fig. 2 –Results of a review of the integration of ecosystem
services in 88 conservation assessments over time. Graph
shows number of assessments that have either referred to or
included services, reflecting the number of assessments
which have included services and those that have included
processes potentially linked to services.
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found an additional nine conservation assessments, which
have included ecosystem services in this second search
making a total of 16 conservation assessments with which
we could address these last questions.
In order to evaluate which type of ecosystem services were
included in these 16 conservation assessments, we subdivided
ecosystem services into regulatory, supporting, provisioning
and cultural services based on the MA (Millennium Ecosystem
Assessment, 2003) conceptual framework. Finally, we
reviewed the 16 conservation assessments in an attempt to
classify themain ways in which ecosystem services have been
included into conservation assessments.
3. Results and discussion
3.1. The extent of ecosystem service inclusion: Trends in
conservation assessments
Although ecosystem services are frequently mentioned in
conservation assessments, they have rarely been included. Of
the 88 conservation assessments reviewed, 20 (23%) referred
to ecosystem services as part of the rationale for conserving
biodiversity. Of these only 7 (8%) included services. Ecosystem
services did not feature at all in the remaining 68 (77%)
conservation assessments that we considered. The review
highlighted that biodiversity features such as species and land
classes are still the most commonly used data in conservation
assessments, occurring in 87 (99%) of the reviewed assess-
ments (Fig. 1). Data on ecological and evolutionary processes
were used in 19 (22%) conservation assessments. Of the
studies that included processes, 11 (59%) used surrogates for
ecological processes that could be significant to service
delivery, although these were not specifically targeted be-
cause of their importance to humans. This approach is
discussed in more detail in Section 3.3. Fig. 2 demonstrates
an increasing awareness of ecosystem services and ecological
processes in conservation assessments from the year 2000
onwards. This increased awareness could be due to the
growing recognition of the importance of ecological and
evolutionary processes, as well as ecosystem services inconservation biology (e.g. Daily, 1997; Balmford et al., 1998;
Cowling et al., 1999). Trends in this awareness post 2000 are
hard to identify based on the limited sample size.
3.2. What types of services have been included?
Our extended search for studies that have included eco-
system services in conservation assessments located a total
of 16 assessments. Of these, the majority included cultural
(10 (63%)), followed by regulatory services (8 (50%)), provi-
sioning (7 (44%)) and supporting (2 (13%)) services (Table 1).
These categories are not mutually exclusive; some assess-
ments include multiple services. Aesthetic value received
the most attention amongst cultural services. The main
regulatory service included was water production. Because
of the difficulties in distinguishing between water supply
and water regulation, following de Groot et al. (2002) we
treated both as regulatory services. Gas and climate
regulation have also received some attention in conserva-
tion assessments either through the inclusion of ecosystem
services or through the inclusion of ecological processes
linked to these services.
3.3. How are ecosystem services accounted for in
conservation assessments?
It became apparent from the review of the 16 conservation
assessments that there are three main and overlapping ways
in which ecosystem services have been integrated into
conservation assessments: 1) through biodiversity pattern; 2)
through ecological processes; and 3) through the mapping of
services.
3.3.1. Through biodiversity pattern
Elements of biodiversity pattern (e.g. species and habitats) are
important to humans and provide vital services such as the
provision of medicines, fuel wood or building materials (Diaz
et al., 2005; Millennium EcosystemAssessment, 2005a). Higher
Table 1 – Ecosystem services captured in 16 conservation
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Cultural value Valued species (Coppolillo et al., 2004;
Phua and Minowa, 2005)
Ecotourism Accessibility, expert
knowledge
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Recreation Expert knowledge (Cowling et al., 2003;
Kurttila and Timo, 2003)
The services are categorised according to schemes presented by the
Millennium Ecosystem Assessment (MA, 2003) and de Groot et al.
(2002).
a Environmental variables refer to any combination of slope,
elevation, rainfall, soil depth, geology and topology.
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1990) usually support ecological functions, including the
processes that help in maintaining ecosystem viability and
services (McKenzie et al., 1989; Williams et al., 2002). In many
conservation assessments, it is often assumed that conserving
biodiversity pattern will also conserve ecosystem services (see
Balvanera et al., 2001; Singh, 2002). However, as Singh (2002)
points out, there is limited evidence of spatial congruence
between areas important to species conservation and those
important to ecosystem services. Therefore, this review does
not recognise conservation assessments, which include data
on biodiversity pattern only as having included ecosystem
services.
However, some assessments (e.g. Camm et al., 2002) sug-
gest that species or habitats with a higher value to humans be
assigned higher weights or targets in the assessment. For
example, Nagendra (2001) scored areas based on their impor-
tance to economically useful plants in the study area by mea-
suring the economic value of each habitat for marketable
products such as grass, timber and non-timber products.
Particular attention is often given to habitats like forest and
wetlands (e.g. wetlands of international importance, Hoctor
et al., 2000; Pérez-Arteaga et al., 2002). Focusing on “special”
habitats in a conservation assessment ensures that the ser-
vices provided by them, such as carbon sequestration and
water regulation, continue to be delivered. Of the 16 conser-
vation assessments that included ecosystem services, about
half of them gave higher weight to biodiversity pattern
features, which provide services to humans. These were con-
sidered as having included ecosystem services in this review.
3.3.2. Through ecological processes
In a similar fashion to selected biodiversity pattern elements,
ecological processes, which support the persistence of biodi-
versity pattern (e.g. pollination, climate change resilience,
nutrient cycling, primary productivity and sediment trans-
port; Ibisch et al., 1999; Fairbanks et al., 2001; Bassett and
Edwards, 2003; Pressey et al., 2003; Rouget et al., 2004), can
form links to ecosystem services (see de Groot et al., 2002; Diaz
et al., 2005). Eleven of the 88 conservation assessments we
reviewed included ecological processes that could be linked to
ecosystem services, although the authors did not specifically
target them because of their importance to humans. These
processes include pollination, predation, dispersal, nutrient
cycling, primary productivity, accommodation of climate
change impacts and sediment dynamics (Lozano et al., 2003;
Pyke et al., 2005). A conservation assessment, which specifi-
cally targets conservation of crop pollinators, would be seen as
including ecosystem services, while one that targets the
ecological process of pollination (not specifically of a crop
species) would be seen as including a process. Therefore these
11 assessments were not classified as including ecosystem
services in this review. However the strong potential links
between processes and services implies that this approach
could prove useful in the development of frameworks for
integrating ecosystem services into conservation plans.
3.3.3. Through mapping ecosystem services
A final approach, and one that uses components of the
previous two approaches, involves the mapping of ecosystem
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made possible by the identification andmapping of ecosystem
service providers (populations, species, habitat types or
functional units) responsible for the provision of services
(Kremen, 2005). The method used to capture each service will
depend on the service in question. During the mapping
process, the functional contribution of each entity to the
service can be assessedwhile the individual ecosystem service
providers are mapped (Balvanera et al., 2005; Kremen, 2005;
van Jaarsveld et al., 2005). Sometimes, mapping the ecosystem
service provider (ESP) may rely on abiotic attributes as well as
biotic attributes. Some examples of ESPs mapped in conser-
vation assessments include: vegetation types, slope, scenic
rivers, useful plants and leaf litter (Kremen, 2005). For
example, Gou and Gan (2002) modelled water retention
(important for water regulation and supply) in a watershed
in China using vegetation, soil and slope.
Themapping of ESPs is one of the most explicit method for
including services in conservation assessments and contri-
butes to our ecological understanding of ecosystems services,
essential for the effective management of these services
(Kremen and Ostfeld, 2005). However, many ESPs are difficult
to study experimentally and it remains a challenge to develop
a clear link between the ESPs, ecosystem functions measured
in experiments and the services they provide (Costanza et al.,
1997; Schläpfer et al., 1999; Schwartz et al., 2000).
Some conservation assessments move beyond the map-
ping of services, setting targets for them and selecting areas
which achieve ecosystem service and biodiversity targets
(Nagendra, 2001; Phua and Minowa, 2005; Natori et al., 2005).
Others use them as a form of trade off analysis, mapping areas
important to biodiversity and those important to ecosystem
services and assessing the spatial congruence or conflict
potential (Faith et al., 2001; Faith andWalker, 2002; Bojorquez-
Tapia et al., 1995; Polasky et al., 2005). Some assessments map
areas of ecosystem service supply and areas of demand in an
effort to evaluate and manage the benefit flows of these
services (Kremen et al., 1999; van Jaarsveld et al., 2005).
4. Conclusions
This reviewconfirms that despite calls for developingmethods
to include ecosystem services into conservation assessments
and planning processes (Balvanera et al., 2001; Singh, 2002;
Leslie, 2005), only a small number of peer-reviewed conserva-
tion assessments have actually done so. Below we discuss
some of the constraints and opportunities that exist for the
inclusion of services into conservation assessments.
4.1. Constraints
4.1.1. Data and knowledge constraints
In all conservation assessments, biodiversity has to be
measured and mapped; goals have to be set and methods for
implementation determined (Margules et al., 2002). With the
focus now shifting to ecosystem services, the data and
knowledge gaps and demands are obvious and significant
(Kremen, 2005). Including ecosystem services into conserva-
tion assessments will require a proper understanding of the
ecology of the service, its conservation or managementrequirements and the benefits to humans both in space and
time (Kremen, 2005; Millennium Ecosystem Assessment,
2005b; van Jaarsveld et al., 2005). Although the techniques
for conservation planning are well advanced, definitions, data
and tools for mapping ecosystem services, which locate
sources, sinks and threats relevant to each service, are
virtually non-existent (Balvanera et al., 2001).
4.1.2. The challenge of defining ecosystem services
In addition to the data and technical constraints around
mapping services, this review highlights possibly more
important challenges around defining and measuring ecosys-
tem services. Mapping services is much more than just
mapping the ecological function supporting that service. It
requires the identification of beneficiaries, their location and
use of the service to translate a function into a service.
Whether these are current or potential future beneficiaries
should also be clarified. The identification and mapping of
beneficiaries and their use of services is a daunting task made
more so by complex trade relations or service transfers. Some
ecosystem services can be used far beyond where they are
produced and new users can emerge. For example, the current
momentum on payments for ecosystem service around the
world (see http://www.katoombagroup.org) has seen new
demand for certain services emerging.
Another challenge to ascertainingwhen a service is a service
arises around the identification of systems that provide ser-
vices. Many scientists state that natural systems only provide
ecosystem services, however this assumption is not universal
and many assessments e.g. Costanza et al. (1997) and the Mil-
lennium Ecosystem Assessment (MA, 2005a,b) include both
natural andhumanmodified systems as the sourcesof services.
As Boyd and Banzhaf (2005) state: “As the term [ecosystem
services] gets more and more use, there is a danger it will be-
come a soft, generic label signifying everything, yet nothing.” It
is therefore essential that we clarify these and other uncertain-
ties around ecosystem services before we embark on efforts to
map and integrate them into conservation plans.
4.1.3. Time frames and limited congruence
As conservation assessments are often conducted over short
time frames due to funding limitations (Knight et al., 2006b),
planners are left with very little time to explore themapping of
services. Furthermore, conservation assessments are initiated
to meet specific goals of stakeholders. If the aim is to ensure
biodiversity persistence (especially for particular species), as is
the case with most conservation assessments (Brooks et al.,
2004; but see Cowling et al., 2004), there will be little or no
incentive to include areas important for the conservation of
ecosystem services.
Although the persistence of biodiversity and the sustain-
ability of ecosystem services are largely dependent upon one
another, the two are not wholly interchangeable (Williams
and Araújo, 2002). Therefore planning for biodiversity and
ecosystem services simultaneously may be difficult as areas
important for ecosystem services might not always be
important for biodiversity (Balvanera et al., 2001, Chan et al.,
2006). For example the most scenic rivers (cultural service)
may not be the ones containing irreplaceable biodiversity
features (Singh, 2002). Although we know that many
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(Ostfeld and Logiudice, 2003; Millennium Ecosystem Assess-
ment, 2005a), there is currently considerable debate over the
extent to which measures of biodiversity adequately act as
surrogates for ecosystem services (Lacroix and Abbadie, 1998;
Balvanera et al., 2001; Cottingham et al., 2001; Swift et al.,
2004), and hence the extent to which conserving biodiversity
also conserves ecosystem services.
In addition to this lack of congruence, other factors impact
on the feasibility of planning for biodiversity and ecosystem
services simultaneously. These factors include differences in
the systems under consideration, the agencies responsible
and the implementation arrangements. Ecosystem services
and biodiversity differ in that services can be provided by
production landscapes (e.g. cultivated fields), which are
usually not the focus of conservation assessments (although
see Green et al., 2005). Biodiversity is largely the domain of
conservation agencies, while ecosystem services often fall
under broader resource management agencies. Therefore, the
implementation strategies and tools for biodiversity (e.g. land
acquisition) may differ from those for ecosystem services (e.g.
resourcemanagement). In such cases, planning for ecosystem
services might require different approaches to those
employed in conservation assessments.
These constraints are based on our experience in the
terrestrial environment and will be even more severe in the
marine and freshwater environments where conservation
plans and ecosystem services are less researched.
4.2. Opportunities
4.2.1. Tools and principles
Despite these constraints, we believe that the tools and
principles of conservation assessments (Margules and Pressey,
2000), as well as the lessons learnt by conservation planners
(Knight et al., 2006b) provide valuable insights and starting
points for ecosystem service planning. For some services the
data, techniques and software provided by conservation
assessments already exist and are well suited for planning
for ecosystem services. For example, van Jaarsveld et al. (2005)
usedan irreplaceability analysis (Ferrier et al., 2000) to generate
maps of priority areas for ecosystemservices. Software such as
C-Plan (Pressey, 1999) and MARXAN (Ball and Possingham,
2000), which are underpinned by explicit targets for biodiver-
sity features andwhich generatemaps of irreplaceability, lend
themselves easily to assessments for ecosystem services.
4.2.2. Available data
Many of the services included in conservation assessments
were mapped from datasets that are commonly used in
conservation assessments (e.g. vegetation types, aspect,
slope in the case of scenery; Mendel and Kirkpatrick, 1999;
Bojorquez-Tapia et al., 1995). In some cases, including
ecosystem services may simply mean refining targets for
some biodiversity features to capture, for example, species
known to contribute to a particular service.
Various approaches have also been developed for the
measurement andmappingof ecosystemservices in economic
valuations. But data generated from economic valuations or
other socio-economic data setsmaynot necessarily be suitablefor planning for ecosystem services due to the level of
uncertainty often associated with such data (Farber et al.,
2002; Chee, 2004). However, economic valuations can provide a
first step for the setting of targets for services. Although
current techniques can be used to plan for some ecosystem
services, new data and techniques will be required for the
majority of ecosystem services.
4.2.3. Implementation focus
The recent shift in focus in conservation planning from
assessment techniques to “planning for implementation”
(Pierce et al., 2005; Knight et al., 2006a) provides increasing
impetus for including ecosystem services into conservation
assessments. Ecosystem services contribute to this imple-
mentation focus of conservation plans in a number of ways:
1) Payments for ecosystem services are potentially a strong
avenue for securing priority areas.
2) Services have an advantage in that they are linked to
beneficiaries and thus facilitate the implementation of
conservation plans. One of the challenges of implementing
outputs from conservation assessments is the fact that
implementation success is dependent upon the choices
people make (Freyfogle and Newton, 2002; Cowling and
Pressey, 2003) and so should be guided by human values
(Theobald et al., 2000).
3) Targeting services in conservation assessments may
achieve many biodiversity targets under an easy-to-sell
umbrella of ecosystem services while at the same time
improving the relevance of conservation plans to human
well being.
In summary, mapping and conserving ecosystem services
is important for sustainable development and may also
achieve many conservation goals where congruence exists
between areas of high biodiversity value and areas important
for service delivery. The extent to which ecosystem services
can be included in conservation assessments remains largely
untested. We strongly urge conservation biologists and
ecologists to develop appropriate methods for mapping
ecosystem services and their benefit flows.
Planning for biodiversity and ecosystem services however
requires some caution. Not only is the extent of concordance
between priority biodiversity features and the spatial features
required for ecosystem service delivery largely unknown,
biodiversity and ecosystem services are associated with differ-
ent values (intrinsic vs. utilitarian) and require different
stakeholders and agencies (conservation agencies vs. resource
managers) foreffective implementationofactions.Wetherefore
highlight an urgent need to develop an appropriate conceptual
framework, an operational model (e.g. Knight et al., 2006a) and
software tools for planning for ecosystem services.Acknowledgements
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